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USE OF VERTICAL BOREHOLES FOR ASSISTING 
VENTILATION OF LONGWALL GOB AREAS 
An e x p e r i m e n t a l  d e g a s i f i c a t i o n  program u s i n g  a  v e r t i c a l  b o r e h o l e  and 
vacuum pump t o  d r a i n  g a s  from t h e  gob a r e a  o f  a  l o n g w a l l  p a n e l  was s u c c e s s f u l  
a t  Bethlehem Mines C o r p o r a t i o n ,  Cambria D i v i s i o n ,  No. 33 c o a l  mine.  S i x t y - o n e  
m i l l i o n  c u b i c  f e e t  o f  methane h a s  been e x h a u s t e d  d u r i n g  a  9-month p e r i o d .  
D a i l y  p r o d u c t i o n  t i m e  i n  t h e  p a n e l  i n c r e a s e d  a s  a  r e s u l t  o f  lower  methane l e v -  
e l s  i n  t h e  r e t u r n s .  Removal o f  l a r g e  q u a n t i t i e s  o f  methane i n  t h i s  way and 
t h e  e x c l u s i o n  o f  i t  from t h e  v e n t i l a t i n g  sys tem w i l l  p r o v i d e  r educed  c o s t  i n  
mine v e n t i l a t i o n  and p r o v i d e  a  s a f e r  envi ronment  f o r  t h e  mine. 
INTRODUCTION 1 
A comprehens ive  methane c o n t r o l  r e s e a r c h  program i s  be ing  conduc ted  by I 
t h e  Bureau o f  Mines t o  e s t a b l i s h  t h e  g e o l o g i c a l  s t r u c t u r a l  c o n t r o l s  t h a t  gov- 
e r n  t h e  m i g r a t i o n  and r e t e n t i o n  o f  methane i n  c o a l b e d s ;  d e t e r m i n e  t h e  p h y s i c a l  
p r o p e r t i e s  o f  methane and o f  t h e  c o a l  and o t h e r  s t r a t a  w i t h  which methane i s  
a s s o c i a t e d ;  d e v i s e  methods by which methane may be  removed from, o r  c o n t r o l l e d  
i n ,  c o a l b e d s  p r i o r  t o  and d u r i n g  c o a l  e x t r a c t i o n ;  d e v e l o p  mechanica l  equipment 
and i n s t r u m e n t a t i o n  needed t o  c o n t r o l  methane;  and conduct  f i e l d  t r i a l s  o f  t h e  
methane c o n t r o l  t e c h n i q u e s  deve loped .  T h i s  i s  o n e  o f  a  s e r i e s  of r e p o r t s  on 
s p e c i f i c  a s p e c t s  o f  t h e  program. 
C o o p e r a t i v e  s t u d i e s ,  conduc ted  e i t h e r  a s  p a r t  o f  a  fo rma l  agreement  o r  
i n f o r m a l l y  a r r a n g e d  by l e t t e r ,  o f f e r  o p p o r t u n i t i e s  f o r  e x p e d i t i n g  i n v e s t i g a -  
t i o n  t h a t  would be  unduly  d e l a y e d  o r  p r o h i b i t i v e l y  c o s t l y  i f  done  independ-  
e n t l y .  T h i s  work i s  t y p i c a l  o f  t h o s e  c o o p e r a t i v e  i n v e s t i g a t i o n s  where bene-  
f i t s  a c c r u e  t o  i n d u s t r y  immedia te ly .  
An expe r imen t  i n  d e g a s i f y i n g  a  longwal l  c o a l  mining p a n e l  a n d  t h e  gob 
a r e a  r e s u l t i n g  t h e r e f r o m  was implemented a t  t h e  Bethlehem Mines C o r p o r a t i o n ,  
Cambria D i v i s i o n ,  No. 33 mine i n  Cambria County, Pa .  The p r ime  o b j e c t i v e s  
were  t o  r e d u c e  g a s  e m i s s i o n s  from gob a r e a s  r e s u l t i n g  from longwal l  mining,  
and t o  g a i n  knowledge o f  t h e  n a t u r e  o f  g a s  t r a n s m i s s i o n  and e m i s s i o n  
I G e o l o g i s t ,  P i t t s b u r g h  Mining Resea rch  Cen te r ,  Bureau o f  Mines, P i t t s b u r g h ,  
Pa.  
c h a r a c t e r i s t i c s  i n  t h e  K i t t a n n i n g  c o a l s  and  r e l a t e d  r o c k  s t r a t a .  A s  t h e  l ong -  
w a l l  s y s t e m  became more p e r f e c t e d  and  s h i f t  t o n n a g e  c o n t i n u e d  t o  i n c r e a s e ,  i t  
became a p p a r e n t  t h a t  min ing  would h a v e  t o  be  l i m i t e d  t o  two 8 - h o u r  s h i f t s  
b e c a u s e  t h e  t h i r d  s h i f t  would b e  u s e d  t o  v e n t i l a t e  t h e  a r e a  t o  k e e p  t h e  g a s  
c o n t e n t  i n  t h e  r e t u r n s  a t  a  s a f e  c o n c e n t r a t i o n .  A s  t h e  l o n g w a l l  a p p r o a c h e d  
t h e  v e r t i c a l  b o r e h o l e  i t  was n e c e s s a r y ,  on o c c a s i o n ,  t o  s t o p  min ing  d u r i n g  a  
s h i f t  t o  v e n t i l a t e  and  r e d u c e  t h e  g a s  t o  a  p r o p e r  l e v e l  i n  t h e  r e t u r n s .  
GEOLOGY 
The Cambria 32  and  33 mines ,  min ing  Lower K i t t a n n i n g  (B) c o a l ,  s i t  on t h e  
crest  and  down t h e  e a s t  l i m b  o f  t h e  Ebensburg  a n t i c l i n e  i n t o  t h e  Wilmore s y n -  
c l i n e  t o  t h e  e a s t .  The s t r u c t u r e s  h a v e  a  g e n e r a l  n o r t h e a s t - s o u t h w e s t  t r e n d  
and  s u b s t a n t i a l  c o n c e n t r a t i o n s  o f  methane  a r e  e n c o u n t e r e d  i n  min ing .  
The Al l egheny  Forma t ion  o f  t h e  P e n n s y l v a n i a n  Age, which  f o r m s  t h e  immedi- 
a t e  o v e r l y i n g  s t r a t a ,  c o n s i s t s  of c a r b o n a c e o u s  s h a l e s ,  a r g i l l a c e o u s  c a r b o n a -  
c e o u s  s a n d s t o n e s ,  c o a l s ,  and  some t h i n  a r g i l l a c e o u s  l i m e s t o n e s .  I t  i s  known 
t h a t  methane  i s  u s u a l l y  p r e s e n t  i n  t h e  Upper F r e e p o r t  ( E ) ,  Lower F r e e p o r t  (D) ,  
Upper K i t t a n n i n g  ( C ' ) ,  and  Midd le  K i t t a n n i n g  (C) c o a l b e d s  and  i n  t h e  c o n t i g u -  
o u s  c a r b o n a c e o u s  s h a l e s  and s a n d s t o n e s .  
Slow e m i s s i o n  o f  methane  f rom t h e  two v e r t i c a l  d r i l l  h o l e s  and t h e  n a t u r e  
o f  s a m p l e s  c o l l e c t e d  and  s t u d i e d  d u r i n g  d r i l l i n g  o f  t h e  h o l e s  i n d i c a t e  fo rma-  
t i o n s  o f  v e r y  low p e r m e a b i l i t y  and  h i g h  p o r o s i t y .  A g r e a t  number o f  s h a l e s  
w i t h  up  t o  1 ,000  f e e t  o f  o v e r b u r d e n  h a v e  a n  a v e r a g e  measured  p o r o s i t y  o f  
a p p r o x i m a t e l y  30  p e r c e n t .  S h a l e s  a r e  known t o  h a v e  p o r o s i t i e s  r a n g i n g  f rom 24 
t o  3 8  p e r c e n t .  
I n  t h e  c o u r s e  o f  l o n g w a l l  min ing  f r a c t u r i n g  o v e r  t h e  f a c e  g r e a t l y  
i n c r e a s e d  t h e  p e r m e a b i l i t y  o f  t h e  r o c k  s t r a t a ,  p r o v i d i n g  a n  e a s y  escapeway f o r  
t h e  methane  i n  t h e  o v e r b u r d e n  i n t o  t h e  v e n t i l a t i o n  r e t u r n s  o f  t h e  mine.  
PROCEDURE 
V e r t i c a l  B o r e h o l e  C o m ~ l e t i o n  
The d r a i n a g e  h o l e  was d r i l l e d  594  f e e t  d e e p  t h r o u g h  t h e  B  c o a l  w i t h  a n  
8 - 3 / 4 - i n c h - d i a m e t e r  r o t a r y  a i r  d r i l l .  I t  was reamed t o  12 i n c h e s  i n  d i a m e t e r  
567  f e e t  d e e p .  E i g h t - i n c h  c a s i n g  w i t h  t h e  bo t tom 48 f e e t  s l o t - p e r f o r a t e d  was 
cemented  i n t o  t h e  h o l e ,  l e a v i n g  29 f e e t  o f  u n c a s e d  h o l e  and  t h e  48 f e e t  o f  
u n g r o u t e d  s l o t t e d  c a s i n g .  The h o l e  was l o c a t e d  6 7 5  f e e t  i n  advance  of t h e  
f a c e  ( f i g s .  1  and  2)  . 
The 77 f e e t  o f  u n g r o u t e d  h o l e  p r o v i d e d  f r e e  d r a i n a g e  o f  methane  f rom t h e  
exposed  f o r m a t i o n s  i n  t h e  b o r e h o l e ,  and  f rom f r a c t u r e s  i n t e r c e p t e d  by t h e  b o r e -  
h o l e  when t h e  o v e r b u r d e n  was c o l l a p s e d .  Because  o f  t h e  low p e r m e a b i l i t y  o f  
t h e  u n f r a c t u r e d  f o r m a t i o n ,  a  n a t u r a l  f l o w  o f  o n l y  400 c u b i c  f e e t  o f  g a s  p e r  
day  ( c f d )  was measured  on c o m p l e t i o n  o f  t h e  h o l e .  
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FIGURE 1. - Vent i lat ion Borehole Completion Plan, Experimental Ho le  D r i l l ed  in 2 L e f t  D 
West Section, Mine 33, Cambria Divis ion, Bethlehem Mines Corporation. 
During the drilling of a nearby borehole, gas was observed bleeding from 
the cuttings while drilling the carbonaceous shales and sandstones overlying 
the coalbed. Gas was encountered in the borehole from the Lower Freeport ( D )  
coalbed down through the B coalbed. 
Monitoring Gas Production 
An explosion-proof vacuum pump with a capacity of 170 cubic feet per min- 
ute (cfm) was installed on the borehole. Pumping was intermittent with neg- 
ligible methane flow, until the longwall face intersected this drainage hole, 
and then a sustained flow was established. Flame arrestors and protective 
check valves were installed for safety. The borehole was monitored regularly 
with a Riken2 gas 
d e t e c t o r  and a 
FIGURE 2. - Location of Ventilation Borehole in Longwall Panel 
and Progress Mining. 
flowmeter f o r  gas  
product ion records .  
The pumping r a t e  
would be ad jus t ed  
t o  keep t h e  gas 
concent ra t ion  i n  
t he  exhaust wel l  
above the  explo-  
s ion  range. 
A1 though t h e  
exhaust averaged 
89.5 percent  meth- 
ane, 172,000 cfd  
of methane was 
evacuated from t h e  
ho le  dur ing  the  
f i r s t  month 
( t a b l e  1 ) .  
During a 
3-day pump s h u t -  
down, t h e  borehole 
developed a natu-  
r a l  flow of 
215,000 cfd of 
methane, i n d i c a t -  
ing  t h a t  t h e  low- 
volume pump was 
a c t u a l l y  i n h i b i t -  
i ng  t h e  flow. 
A l a r g e r  
vacuum pump, 700 
cfm, was i n s t a l l e d  
and an average 
methane product ion 
of 335,000 cfd  was 
evacuated dur ing  
t h e  next  4 months. 
The exhaust aver -  
aged 34 percent  
me thane. 
2Reference t o  s p e c i f i c  brands i s  made f o r  i d e n t i f i c a t i o n  only and does not  









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A 5-horsepower, 1,100-cfm blower was i n s t a l l e d  on t h e  borehole .  This  
blower has  evacuated 220,000 t o  320,000 c fd  of methane. The exhaust  was 24 t o  
30 percen t  methane. 
The borehole  dur ing  i t s  9-month product ion per iod  has  exhausted 61 mi l -  
l i o n  cubic  f e e t  of methane from t h e  gob a r ea  of t h e  completed longwall  pane l ,  
thus  e l i m i n a t i n g  from t h e  v e n t i l a t i o n  r e t u r n s  t h a t  amount of methane. 
EVALUATION 
Drainage of t h e  gob through v e r t i c a l  boreholes  has  r e s u l t e d  i n  a subs tan-  
t i a l  r educ t i on  i n  methane con t en t  of t h e  v e n t i l a t i o n  a i r .  Monitoring of t h e  
r e t u r n s  o f f  t h e  longwall  panel showed a r educ t i on  of approximately 1 pe rcen t  
methane i n  t h e  main a i r  r e t u r n s  v e n t i l a t i n g  t h e  pane l .  
This  reduc t ion  has  made p o s s i b l e  a mining per iod  t o  be t h r e e  8-hour 
s h i f t s  per  day. The longermin ing  per iod  could i n c r e a s e  product ion by s eve ra l  
hundred t ons  through longer  use  of h igh -cos t ,  r a p i d  mining equipment. 
An a d d i t i o n a l  35 t o  40 m i l l i o n  cubic  f e e t  of a i r  would be necessary  t o  
d i l u t e  t h e  volume of methane exhausted each day through one v e r t i c a l  borehole .  
The u se  of  t h e  v e r t i c a l  borehole  y i e l d s  sav ings  on f a n  power c o s t s  and, i f  
enough h o l e s  a r e  u t i l i z e d ,  t h e  need f o r  l a r g e  a d d i t i o n a l  v e n t i l a t i o n  s h a f t s  
w i l l  be reduced s u b s t a n t i a l l y .  
The v e r t i c a l  borehole  ha s  proved s o  b e n e f i c i a l  t h a t  s i x  a d d i t i o n a l  h o l e s  
a r e  being d r i l l e d  f o r  use  i n  d r a i n i n g  methane from t h e  gob a r e a s  of a l l  a c t i v e  
longwall  pane ls .  A second v e r t i c a l  borehole ,  which was completed wi th  an add i -  
t i o n a l  30 f e e t  of overburden, ha s  been exposed t o  open flow. A more powerful 
blower a t  t h e  h o l e  has  produced, dur ing  2 months of s e r v i c e ,  an average d a i l y  
product ion of 1 m i l l i o n  cub i c  f e e t  of  methane. The exhaust  averaged 88 pe r -  
cen t  methane. 
